Summary. The multiaxonal nerve endings, consisting of a bundle of axons, were reexamined in the muscle spindles of the adult Chinese hamster. In addition to the frequent occurrence of the multiaxonal endings innervating the nuclear bag fibers in the equatorial region (DESAKI and UEHARA, 1988), these endings were also occasionally distributed not only in the equatorial region of the nuclear chain fibers, adjacent to annulospiral sensory endings, but also in the polar region of the same muscle fiber. They were derived from non-myelinated stem nerves becoming varicose along their course. Terminal axons composing the endings were almost naked, except at the initial muscle-contact portion, where they were surrounded by Schwann cell processes. They contained a significant number of clear synaptic vesicles and large granulated vesicles, and were closely apposed to each other and to the muscle cell surface without an interposing basal lamina. Some terminal axons formed synaptic contacts with each other and with the muscle cell surface. These structural features, including their wide distribution, suggest that the multiaxonal endings may belong to the autonomic nerves rather than the fusimotor nerves.
Summary. The multiaxonal nerve endings, consisting of a bundle of axons, were reexamined in the muscle spindles of the adult Chinese hamster. In addition to the frequent occurrence of the multiaxonal endings innervating the nuclear bag fibers in the equatorial region (DESAKI and UEHARA, 1988) , these endings were also occasionally distributed not only in the equatorial region of the nuclear chain fibers, adjacent to annulospiral sensory endings, but also in the polar region of the same muscle fiber. They were derived from non-myelinated stem nerves becoming varicose along their course. Terminal axons composing the endings were almost naked, except at the initial muscle-contact portion, where they were surrounded by Schwann cell processes. They contained a significant number of clear synaptic vesicles and large granulated vesicles, and were closely apposed to each other and to the muscle cell surface without an interposing basal lamina. Some terminal axons formed synaptic contacts with each other and with the muscle cell surface. These structural features, including their wide distribution, suggest that the multiaxonal endings may belong to the autonomic nerves rather than the fusimotor nerves.
In addition to annulospiral sensory endings and fusimotor endings, particular types of endings consisting of a bundle of naked terminal axons have been found on intrafusal muscle fibers-mainly nuclear bag fibers-along the equatorial to the juxtaequatorial region adjacent to the annulospiral sensory endings in the muscle spindles of the young adult rat (UEHARA, 1973) and of the mature Chinese hamster (DESAKI and UEHARA, 1988) . The terminal axons composing the endings of the young adult rat muscle spindle, termed "bundled endings", contain an aggregation of mitochondria and are closely apposed to each other and to the muscle cell surface without an intervening basal lamina. From these structural features, the bundled endings have been judged to be sensory in nature, retaining, in adult life, the embryonal features of the annulospiral sensory endings. On the other hand, the endings in the muscle spindles of the adult Chinese hamster, termed "multiaxonal endings", basically resemble the bundled endings, differing both in that they contain a significant number of small clear synaptic vesicles, and in that the terminal axons form synaptic contacts with each other and with the intrafusal muscle fibers. These structural features suggest that the multiaxonal endings are efferent rather than afferent in nature, representing a temporal structure of fusimotor endings, or belonging to the autonomic nerves.
During a further survey of the muscle spindles in the adult Chinese hamster, the multiaxonal nerve endings were also occasionally found on nuclear chain fibers in both the equatorial and polar regions.
The present study describes the structural organization of the multiaxonal endings innervating the nuclear chain fibers as revealed by semi-serial sections, and discusses their possible nature.
MATERIALS AND METHODS
The tenuissimus muscles of approximately 3-monthold Chinese hamsters (Cricetulus griseus), weighing 40-50g, were used in the present study. After the animals were anaesthetized with ether, the muscles were dissected out and cut into several segments about 2mm long. The procedure for electron microscopy was the same as described elsewhere (DESAKI and UEHARA, 1983, 1988) . About sixty muscle spindles were obtained from 20 different animals. Thin, semiThis study was supported by a grant from the Ministry of Education, Science and Culture, Japan serial cross sections were cut with a Porter-Blum microtome and examined with a Hitachi HU 12A electron microscope.
RESULTS
Annulospiral sensory nerve endings were consistently found in the muscle spindles of the tenuissimus muscle of the adult Chinese hamster along the equatorial to the juxtaequatorial region. They were devoid of any associated Schwann cell investment, and characteristically contained an aggregation of mitochondria and a large number of microtubules and neurofilaments.
The multiaxonal nerve endings were frequently encountered on mainly nuclear bag fibers in the equatorial region adjacent to the annulospiral sensory endings (DESAKI and UEHARA, 1988) . In addition, the multiaxonal endings were also occasionally found on nuclear chain fibers, occurring in three instances out of about 60 muscle spindles examined. They consisted of a bundle of more than 50 terminal axons, 0.1-1.5um in diameter, in the middle portion of their bundle formation (Fig. 2) . The terminal axons were closely apposed to each other with a narrow interstice of less than 20nm. Schwann cell processes were fragmentally found only around the outermost layer of bundled terminal axons (Fig. 2 ), but they almost completely surrounded individual terminal axons at the initial muscle-contact portion of the endings (Figs. 3, 7) . The endings either surrounded the whole perimeter of the muscle cell or lay in shallow grooves on the surface of the muscle fibers. The gap between the terminal axons and the muscle cell surface was less than 20nm in width and contained no interposing basal lamina. The disposition of the endings appeared to be variable, being almost circular or spiral but occasionally longitudinal with respect to the long axis of the muscle fibers. The number of terminal axons composing the endings varied considerably, being more in the middle portion of the bundle formation and tending to undergo a marked decrease towards their tapering end. The terminal axons contained a moderate number of mitochondria and a large number of microtubules and neurofilaments. They also contained a significant number of small clear synaptic vesicles which were rather uniform in size, about 50nm on the average, as well as large granular vesicles 80-130nm in diameter.
Some terminal axons composing the endings seemed to form small-sized synapses, consisting of a focal accumulation of electron dense materials to which small clear synaptic vesicles converged with each other (Fig. 4) and with the muscle cell surface (Fig. 5) . No definite postsynaptic specialization was, however, discernible. In addition, desmosome-like specializations were often found along the general contact area of the adjacent axons and along the nerve-muscle apposition (Fig. 6) .
The stem nerves from which multiaxonal endings originated also consisted of a bundle of nonmyelinated axons with an associated Schwann cell covering (Fig. 7) . They occasionally formed varicosities containing small clear and large granulated vesicles along their course (Fig. 8) . Individual axons composing the stem nerves seemed to branch into several terminal axons before they contacted the muscle cell surface; the number of the terminal axons surpassed 50 in the middle portion of the bundle formation.
Noteworthily, the main nerve trunk was divided into two groups of stem nerves within the inner capsule of the juxtaequatorial region: one group coursing towards the equatorial region as mentioned above, and the other group towards the polar region (Fig. 9) . Examination of semi-serial cross sections from the juxtaequatorial to the polar region of the muscle spindle indicated that the stem nerves ran spirally or circularly over the muscle fiber towards the polar region. Axons composing the stem nerves often became varicose along their course (Fig. 9) and finally came to a close apposition with the muscle cell surface without an intervening basal lamina in the polar region (Fig. 10) . Desmosome-like specializations were also often found along the close apposition between the adjacent varicosities without any intervening Schwann cell processes (Figs. 8, 9 ).
DISCUSSION
The present study reexamined the structural organization of the multiaxonal endings innervating intrafusal muscle fibers in the muscle spindles of the adult Chinese hamster. In our previous study (DESAKI and UEHARA, 1988) , we stated that the multiaxonal endings innervating the nuclear bag fibers might belong to either the fusimotor nerves or the autonomic nerves rather than the sensory nerves, for the reasons that terminal axons composing the endings contained a significant number of clear synaptic vesicles and large granulated vesicles and often formed synaptic contacts with each other and with the muscle cell surface. The present study on the multiaxonal endings innervating the nuclear chain fibers has added some new findings indicating that they are derived from non-myelinated stem nerves with an associated Schwann cell covering and are widely distributed not only in the equatorial region but also in the polar region, and that axons in the stem nerves become varicose along their course. These supplementary findings suggest that the multiaxonal endings may belong to the autonomic nerves rather than the fusimotor nerves. The multiaxonal endings innervating the nuclear bag fibers reported once (DESAKI and UEHARA, 1988) are considered to be autonomic in nature, representing a minor structural variation of the autonomic nerves.
The multiaxonal endings, in fact, show a structural organization similar to the autonomic nerves which are generally characterized by: 1) a Schwann cell and its processes covering the bundled axons in groups; 2) axons becoming varicose with associated Schwann cell processes along their course, which are naked in the vicinity of the effector tissues and cells; 3) the junctional clefts varying from those of only 20nm in width lacking an intervening basal lamina to those as wide as 2000nm; 4) the varicosity membrane which sometimes has a thickness associated with a vesicle aggregation suggesting possible sites of transmitter release; and 5) the rare or almost inexistent postjunctional membrane specializations (for review see BURNSTOCK, 1986) .
The possibility that the intrafusal muscle fibers might receive autonomic innervation was proposed by BARKER and COPE (1962) , who, by the silver impregnation method, found fine axons supplying the intrafusal fibers in the equatorial region of deafferentated cat muscle spindles. There have been some interesting observations in the literature concerning the autonomic innervation of the mammalian muscle spindles at the fine structural level. Nonmyelinated terminal axons containing small and large granulated vesicles have been found in the dog (BANKER and GIRVIN, 1971 ) and cat (SANTINI and IBATA, 1971; BALLARD, 1978; BARKER and SAITO, 1981 ) muscle spindles; they have been suggested to be the sympathetic innervation of intrafusal muscle fibers by histochemistry for catecholamines and also by using 5-hydroxydopamine.
